Abstract
Introduction
The pathogenesis of periodontal disease is a complex process, associated to a multifactorial interactions between microbial and host factors [1] . Recently, Herpes Simplex Virus 1 (HSV-1), human Cytomegalovirus (HCMV) and Epstein Barr Virus (EBV) have been implicated in the pathogenesis of periodontal disease. In fact, various studies indicate the role of these viruses in the different types of periodontal disease, even though they are frequently not diagnosed in clinical practice [2] . Today, the presence of HSV-1, HCMV and EBV is considered as an important factor in the progression of periodontal disease [3] .
In the mid-seventies the possible relationship between viral infection and oral diseases became a matter of study, specifically HSV in the crevicular fluid and the junctional epithelium of the gingival sulcus, including epithelial cells and fibroblasts [4] [5] . In the eighties, other studies evaluated the presence of IgG and IgA antibodies against HSV, in its latent phase and onset of herpetic lesions, in gingival fluid by immunofluorescence. These investigations were seeking to find other possible locations of the oral cavity like periodontal tissue and gingival fluid which would function as a reservoir of virus, associated with its different phases of virulence [6] - [12] .
At the end of the nineties, investigations began to establish a more direct relationship between Herpesviruses and periodontal disease, based on more sensitive and specific tests, such as the Polymerase Chain Reaction (PCR), which is based on the detection of specific sequences of the viral genome. Several studies worked with dental biofilm samples from patients with chronic periodontitis (CP) and aggressive periodontitis (AgP), in which they determined that the virus found with higher prevalence was HSV, HCMV and EBV [13] - [17] .
Parra and Slots [18] , reported 78% of HSV positivity in patients with periodontitis and 31% in patients with gingivitis. Contreras et al. [12] found a prevalence of 59% for HCMV, 27% for EBV-1 and 23% for HSV, in crevicular fluid samples in Nigerian children with ulcerative gingivitis and malnutrition. Botero et al. [19] reported a frequency of detection for HCMV about 60% in patients with periodontitis, compared with 4.1% in periodontally healthy subjects. Eres et al. [20] showed that lesions of gingivitis in pregnant women were positive in 38.6% and 14.3% for EBV and HCMV, respectively. In the non-pregnant group, EBV and HCMV were detected in 15% and 20% of the lesions.
The results of these investigations indicate that the presence of HSV-1, HCMV and EBV in gingival tissues was frequently detected, as well as pathological pockets and saliva. However, although the HSV, HCMV and EBV are not the direct etiological factor of periodontal disease, their presence becomes an adverse factor that could worsen the course and prognosis of the disease.
Periodontitis is a periodontal disease with a prevalence of more than 50% in patients over 40 years, which has been associated with the presence of viral agents easily transmissible. In Venezuela there are not reports about the presence of the Herpesviruses in samples of gingival fluid of patients with periodontitis. This first study may allow better understanding of the behavior of some patients, despite complying with traditional periodontal treatment, do not present a favorable evolution, which could be related to the cytopathic effects caused by the virus in the periodontal tissue. So there may be developing protocols for viral detection in the growing number of patients attending periodontal consultation to improve oral health. As a result, a new interest has arisen to analyze the association between the presence of HSV-1, HCMV and EBV with CP and AgP, and evaluate its relationship with periodontal clinical parameters.
Materials and Methods

Specimen Collection
33 crevicular fluid samples were collected from 11 patients with diagnosis of AgP, 11 patients with diagnosis of CP and 11 periodontal and systemically healthy control group (CG), which were attended at the Postgrade of Periodontics, Faculty of Dentistry, of the Universidad Central de Venezuela, from November 2012 to February 2013. The criteria for the diagnosis of CP and gingivitis were based on the Classification of the Periodontal Diseases issued by the American Academy of Periodontology in 1999 [21] . Each patient signed an informed consent, supported by the Bioethics Committee of the faculty. Each patient underwent a complete periodontal and radiographic examination, excluding third molars, using a periodontal probe (University of North Carolina). The following periodontal clinical parameters were recorded: Probing depth (PD), clinical attachment loss (CAL), bleeding on probing (BOP) and index of dental biofilm (PI) [22] . The sample in the periodontitis patients group was collected from the deepest periodontal pockets and in the CG from the healthy gingival sulcus. The sites under study were isolated with cotton rolls and the supragingival plaque was removed with sterile gauze; a sterile paper tips were introduced to the bottom of the sulcus. The tips were held in place for 20 seconds and were transferred to a 1.5 ml Eppendorf tube and stored at −80˚C until viral analysis.
Viral Detection
The isolation of the nucleic acids was performed using the Pure Link Genomic DNA Kit (InvitrogenTM, CA, USA), following the specifications of the manufacturer and the quality evaluation of the DNA was conducted with the BIOMED-2 protocol [23] .
Viral detection was performed by PCR, using Herpes Simplex virus type 1 DNA polymerase, Primer Set Kit (Maxim Biotech. Inc, CA, USA) and Virus Cytomegalovirus (CMV) Major Immediately early, Primer Set kit (Maxim Biotech. Inc, CA, USA) for HSV-1 and HCMV, respectively, following the recommendations of the manufacturer.
For the detection of EBV a nested PCR was performed. Primer sequences for the first round were: (W1) 5'-CTAGGGGAGAACGTGAA-3' and (W2)'-CTGAAGGTGAACCGCTTACCA-3'. Primer sequences for the second round were: (W3) 5'-GGTATCGGGCCAGAGGTAAGT-3' and (W4) 5'-GCTGGACGAGGACCCTTCTAC-3'. The reactions were carried out in a final volume of 22.5 μl, containing 6 μl of 10X buffer, 1 μl of MgCl2 (50 mM), 2 μl of dNTP's (10 mM), 0.5 μl of Taq polymerase, 0.5 μl of each primer (20 pmol), 12 μl of nuclease-free water and 8 μl of genomic DNA. After the first round, 2 μl of the final product were taken and transferred to the mixture for the second round of amplification. The first PCR cycling program included 4 min at 94˚C; then 30 cycles with each cycle consisting of a step at 94˚C for 45 s, followed by a step at 66˚C for 30 s and a last step at 72˚C for 45 s. Finally, 5 min at 72˚C. The second PCR cycling program included 4 min at 94˚C; then 40 cycles with each cycle consisting of a step at 94˚C for 45 s, followed by a step at 66˚C for 30 s and a last step at 72˚C for 45 s. Finally, 5 min at 72˚C.
Viral PCR products were visualized by 2% agarose gel electrophoresis and with SYBR Safe (InvitrogenTM, CA, USA) stained. The photographic record was made with a ChemiDoc XRS (BioRad). The amplicons sizes were: HSV-1: 105 bp, HCMV: 435 bp, EBV: 192 bp.
Statistical Analysis
t-Student and Chi square test was performed to evaluate the independence of the variables, with the IBM SPSS software, version 2.0. Values less than or equal to 0.05 were considered statistically significant.
Results
The total study sample was 33 patients, divided into 11 cases of AgP (9 women and 2 men; mean age 24.27 ± 7.67 years, range 14 -39), 11 cases of CP (6 women and 5 men, mean age 43.82 ± 11.11 years, range 29 -58) and 11 cases of subjects without periodontal disease (8 women and 3 men, mean age 40.09 ± 10.98 years, range: 28 -61). Following DNA extraction, the nucleic acids quality was analyzed by the BIOMED-2 protocol, showing that both samples of periodontitis patients, such as those of healthy individuals amplified all target genes, indicating that the genetic material obtained was in optimum condition for the subsequent detection of the corresponding viral genomes, therefore avoiding false negatives. Figure 1 shows a set of study samples for the detection of viral agents, in the group of patients with periodontitis and healthy subjects group. In the case of HCMV (A) a single band of 435 bp was amplified. For EBV (B), the amplified band was 192 bp and for HSV-1 (C) the amplified band was 105 bp. Table 1 shows the viral distribution, according to the study group. In the group with AgP, the rate of viral infection was 27.3% (3/11) for HCMV and HSV-1 for each one. EBV was not detected. The presence of HCMV in AgP group was statistically significant (p = 0.037). In the group with CP, the viral detection was higher for HSV-1 with 27.3% (3/11), followed by EBV with 18.2% (2/11), and HCMV was not detected. Finally, in the CG, the percentage of viral infection was 0% for HCMV, 9.1% (1/11) for HSV-1 and 9.1% (1/11) for EBV. Assessing the presence of mixed infections in the study groups, we found 18.2% (2/11) of viral co-infection between HCMV and HSV-1 within the AgP group, and 9.1% (1/11) of viral co-infection between HSV-1 and VEB, within the CP group. The general values of the clinical parameters from all patients of the study are shown in Table 2 . The group with AgP exhibited the higher values for most of the clinical parameters evaluated, respect to the CP and CG (p < 0.001).
The clinical parameters comparison related to the presence of HCMV, HSV-1 and EBV are shown in Tables  3-5 . With regard to the detection of HCMV (Table 3) , there was no statistically significant difference between the positive and negative patients for viral detection, diagnosed with AgP, however the BOP value was in the borderline. With respect to HSV-1 detection (Table 4) , the clinical parameters for the positive patients were not significantly different in comparison with the negative patients, except for BOP values in the AgP group, which were in the borderline. Finally, there were no significant differences between EBV positive and negative patients, respect to clinical parameters ( Table 5 ).
Discussion
Recent research has suggested that viruses of the Herpesviridae family are related to periodontal disease, demonstrating a possible association with the presence of HCMV, HSV-1 and EBV in periodontal tissues with the pathogenesis of periodontitis [24] [25] . Generally, has been reported a frequency of infection between 20% -70% for HCMV, 14% -70% for EBV and 7% -90% for HSV-1, worldwide [26] .
In this study, a statistically significant relationship between AgP and the presence of HCMV was determined, with a percentage of viral infection of 27.3%, whereas in the CP group and CG was not detected. Other studies show a significant association with the presence of HCMV in samples from patients with AgP, some of them with significantly higher detection frequency, between 45% and 72.7% [19] [27]- [30] . However, other works shows lower detection rates, between 6% and 12% [1] [31] [32] . Sharma et al. [30] reported a frequency of HCMV and EBV positive for 45% in the aggressive periodontitis and 20 and 25%, respectively, in the group of chronic periodontitis. For the control group, reported a frequency of 10% and 0% for HCMV and EBV, respectively. Herpesviruses may exist in combination in periodontal pockets and act in synergy against host tissues. In this work, the coexistence between HCMV and HSV-1 was found in 18.18% in AgP cases, and between HSV-1 and EBV in 9.09% in CP cases. Grouping the three viruses was not found in any samples from AgP and CP patients. Other authors reported an elevated coinfection in the periodontal tissues, like Bilichodmath et al. [1] , who shows 78.9% of mixed infection between HSV-1 and EBV, and 31.5% between HSV-1 and HCMV in CP group. In the AgP group detected 28.5% of viral combination between HSV-1 and EBV, and 7.1% between HSV-1 and HCMV. The viral coexistence has been related to the deepest periodontal samples [28] .
Regarding clinical parameters it was evident that the values of AgP group were much higher than those of CP and control groups, showing a significantly statistical difference. Mayorga-Fayad et al. [33] shows that the biggest advance of the clinical indices between groups with periodontitis and control groups was evident, showing greater CAL, BOP and PD in patients with aggressive periodontitis. Botero et al. [19] found that patients with AgP had higher CAL and PD that chronic periodontitis and control group. Imbronito et al. [34] found that the CAL and PI in aggressive and chronic periodontitis groups were significantly higher than in the control group. When making comparisons between groups of periodontitis, they found that the PI and CAL were significantly higher in the aggressive periodontitis group, compared to the chronic periodontitis group.
The BOP mean values in the HCMV positive patients from the AgP group was the only one parameter showing a p value in the borderline, probably due to the sample size and the low viral detection rate. However, the CAL values were more elevated in the HCMV positive patients than in the negative patients. Similar results indicate that HCMV affected sites had greater periodontal destruction, evidenced by high levels of BOP, CAL and PD [19] .
The HSV-1 positive patients from the AgP group only show a borderline p value with the BOP parameter, probably due to the sample size. However, Das et al. [32] reported that the values for PD and CAL were increased in those sites positive for the presence of HSV-1 in patients with aggressive periodontitis, compared with those negatives sites. The clinical parameters according to the EBV presence no show any significance difference.
In the last 15 years, it has been proposed that HCMV can be a participant in the pathogenesis of periodontal disease and has been found as one of the most frequently detected virus in periodontitis patients, compared to healthy subjects, because this virus has developed several strategies to evade the host immune response and to take advantage of this response and achieve its reactivation [19] . HCMV uses NFκB to mediate an inflammatory immune response and to induce immediately early gene expression in order to drive viral replication. HCMV encodes the chemokines that draw susceptible monocytes and neutrophils to the site of infection. Consequently, the virus can induce production of IL-1 and TNF-α by macrophages and monocytes, which in turn may up-regulate metalloproteinases (MMPs) and down regulate tissue inhibitors of matrix metalloproteinases (TIMPs) [35] .
The HCMV presence in the AgP patients could explain why the dental plaque amount and level of dental care are not often commensurate with disease severity, why the disease tends to occur in a pattern of progression and remission, and why tissue breakdown often appears in a localized and bilaterally symmetrical pattern [36] .
In the proposed Slots and Contreras [37] model, infection with Herpesviruses in periodontal tissues may be important in the pathogenesis of periodontitis, due to the alteration of the local response of the host, combined with the presence of other periodontal pathogens. Contreras et al. [15] demonstrated the association between EBV and HCMV-1, with various periodontal pathogenic bacteria. Sharma et al. [38] assessed the HCMV and EBV interaction with Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans in pathogenesis of aggressive periodontitis. HCMV and EBV were found to have a prevalence of 46.67% and 40% respectively, and the viral and bacterial co-infection was found to be 77.78% between A. actinomycetemcomitans and HCMV. Bacterial lipopolysaccharide (LPS) and HCMV may synergistically activate IL-1β gene transcription, resulting in a markedly increased IL-1β level at periodontal sites, which consequently experience tissue destruction [39] .
Herpesviruses can enhance the periodontal disease in two ways, first by direct viral infection and replication, which is organized into time phases, identified with the letters α, β and γ, corresponding to the immediately early, early and late phase, respectively. The second pathway involves host defenses, viral damages and immune evasion. Both pathways may result in decreased ability of tissue repair by cytopathic effects, caused directly on inflammatory and structural cells. All this can lead to an excessive bacterial infection. Furthermore, viral proteins expressed in eukaryotic cell membranes can act as bacterial receptors and generate new binding sites, which may favor the progression of periodontal disease [35] [40] . 7 March 2016 | Volume 3 | e2557
The number of subgingival period onto pathogenic bacteria is probably high because of the active viral infection, which decreases the immune defenses of periodontal tissue. The presence of virus in the periodontal tissues could explain various features of periodontal disease, as: 1-The circumstantial progressive nature of periodontal disease due to transient local immunosuppression depending on the active or latent viral infection. 2-The presence of localized patterns of tissue destruction by viral tropism. 3-Individuals who are carriers of periodontal pathogenic bacteria and still are periodontally healthy due to the absence of viral infection [35] .
As reviewed in the literature, there are many reports about the viral infection associated with periodontal disease. Although some of these works present variation between them, this could be due to the number of samples and type of study, the sensitivity and specificity of diagnostic techniques and, finally, the geographical distribution of these viruses in the world population, the socioeconomic status of patients and genetic predisposition, according to the origin of the population.
Conclusion
These results allow us to suggest that Herpesviruses are associated with the onset and progression of periodontal disease. More studies are needed with larger number of samples. With this information we hope to incorporate our clinical knowledge about the consequences of periodontitis, with the knowledge associated to the molecular mechanisms of tissue destruction by the virus. The development of new research is needed, however, to establish the role of the Herpesviridae family in periodontitis.
